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为 2.5 mM, TSC（1 M）添加量 0.375 mL，橄榄煮液浓度为 40 g⋅L-1的条件下可以









表明，相比于 PVP 和 CTAB，TSC 是最适宜用于制备银纳米花的化学稳定剂。



























过改变 TSC 和 GA 的使用量对 TSC-GA 体系制备条件进行优化，在 GA 使用量
10 mg，TSC（1 M）0.2 mL，硝酸银浓度 2.5 mM 条件下 10 min 内可制备获得高





















Due to the excellent chemical and physical properties, noble metal nanoparticles 
(NPs) have been used in many fields, such as catalysis, biology, optics and sensors. It 
is well known that the physicochemical properties of these NPs are closely related to 
their shape, size, composition, crystallinity and structure. Hence, the controlled 
synthesis and application of silver NPs have received the widespread attentions in 
recent year. In this study, morphology-controlled synthesis of silver nanoflowers (Ag 
NFs) are achieved via plant-mediated biosynthesis by introducing the trisodium citrate 
(TSC) to the solution.The optimal synthesis conditions of Ag NFs were obtained, and 
the possible formation mechanism of Ag NFs was proposed based on the full 
understanding of the crystal growth. Furthermore, the key component in the biomass 
involved the formation of Ag NFs were identified. Main works and results are 
presented as follows: 
Firstly, different plants were screened in terms of their performance in the 
biosynthesis of silver nanoplates. It showed that canarium album foliar broths were 
the best candidate in view of the yield and morphology of the silver nanoplates. 
Thereafter, the effects of various factors including concentration of reagents, pH value 
of extracts and adding modes of feed were investigated when canarium album foliar 
broths were employed. The results indicated that the as-prepared silver nanoplates 
were asymmetrical in shape and with a low yield. To improve the yield and 
uniformity of nanoplates, TSC was introduced into the process. Interestingly, instead 
of the common nanoplates, flowerlike nanoplates were produced in the presence of 
TSC. After the optimization, the hight yield (>90%) of Ag NFs can be acquired with 
the 2.5 mM AgNO3, 0.375 mL TSC (1 M) and 40 g⋅L-1 foliar broths. When Ag NFs 
were used as the SERS subtrate, they show good performance on 10-6 M R6G. 
Secondly, the role of TSC and biomolecules in the synthesis were investigated. 
Meanwhile, with the aid of TEM characterization, the morphology evolution of Ag 

















mechanism was proposed. It depicted that there might be a competitive relationship 
between the biomolecules and citrate ions to adsorb on level surfaces of the Ag {111} 
faces. Compared with citrate ions, the biomolecules had a weaker adsorption capacity 
to the Ag {111} faces, major biomolecules adsorbed onto the sides of nanoplates, 
limiting the horizontal growth at these sites to form the petals. On the other hand, 
citrate ions which were preferential adsorbed on Ag {111} guaranteed the horizontal 
growth of petals. 
This new novel synthesis strategy was tried in other conditions by varying the 
stabilizer or the plant. Comparing with PVP and CTAB, TSC was the best to promote 
the formation of Ag NFs. Among the tested plants, F.Lonicerae could also synthesize 
the Ag NFs in the presence of TSC. Although Mangifera indica and G. jasminoides 
cannot obtain any flowerlike products, the yield of silver nanoplates were improved 
obviously. Thereafter, synergistic effect between the biomolecules and citrate ions 
might exist besides of the competitive relationship. When the biomolecules were 
insufficient, the additional citrate ions might help the biomolecules improve the 
synthesis of silver nanoplates. 
Finally, F. Magnoliae Officinalis were proved to directly synthesize 2D Ag NFs 
without any additional stabilizer. The components (flavone, polyphenol, protein, and 
reducing sugar) in F. Magnoliae Officinalis before and after reaction was determined 
and compared. Besides, rutin, gallic acid (GA), and glucose reacted with AgNO3 to 
prepare silver NPs, respectively. The results showed that, GA representing the 
polyphenol played key role during this process. When simulated solution (TSC-GA) 
reacted with AgNO3 the flower liked products were obtained. The optimal synthesis 
conditions were acquired by adjusting the dosaged of TSC and GA, the Ag NFs with 
the highest yield (almost 100%) were harvested with the 10 mg GA, 0.2 mL of TSC 
(1 M), and 2.5 mM AgNO3. During this process, GA acted as both reductant and 
stabilizer, TSC accerated the reaction and was played as shape directed reagent. 
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